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Strong two- and three-body decays of the new excited hyperon Ω∗(2012) are discussed in the hadronic molec-
ular approach. The Ω∗(2012) state is considered to contain the mixed Ξ∗K¯ and Ωη hadronic components. In
our calculations we use a phenomenological hadronic Lagrangian describing the coupling of the bound states
to its constituents and of the constituents to other hadrons occurring in the final state. Our results show that the
decay widths of the two-body decay modes Ω∗(2012) → ΞK¯ lie in the few MeV region and are compatible with
or dominate over the rates of the three-body modes Ω∗(2012) → ΞπK¯. The sum of two- and three-body decay
widths is consistent with a width of the Ω∗(2012) originally measured by the Belle Collaboration. A possible
scenario for the suppression of the three-body decay rate recently noticed by the Belle Collaboration is due to
the dominant admixture of the Ωη hadronic component in the Ω∗(2012) state.
I. INTRODUCTION
Last year the Belle Collaboration reported on a new excited isosinglet hyperonΩ∗− state decaying into Ξ0K− and Ξ−K0
S
pairs
with a mass of 2012.4 ± 0.7 ± 0.6 MeV and a width of Γ = 6.4+2.5−2.0(stat) ± 1.6(syst) MeV [1]. The spin-parity quantum numbers
of the Ω∗− have been favored to be JP = 3
2
−
based on two arguments: (1) the observed mass value of the Ω∗− is close to the
theoretical predictions for the 3
2
−
states, (2) the rather narrow width of the Ω∗− decaying to a ΞK¯ pair via a d wave. Recently,
the Belle Collaboration searched for the cascade three-body decay Ω(2012) → K¯Ξ(1530) → K¯πΞ [2]. They did not observe
any significant signal in this channel and derived upper limits for the ratios of the branchings relative to the two-body K¯Ξ decay
modes. In particular, the most stringent upper limits read [2]:
R1 =
B(Ω(2012)→ Ξ(1530)0(→ Ξ−π+)K−)
B(Ω(2012)→ Ξ−K¯0) < 9.3% ,
(1)
R2 =
B(Ω(2012)→ Ξ(1530)0(→ Ξ0π+)K−)
B(Ω(2012)→ Ξ0K−) < 7.8% .
An excited Ω∗ state with JP = 3
2
−
and a mass of 2020 MeV has been predicted in a quark model with a QCD based potential in
Ref. [3]. Later, different types of quark models [4], large Nc approaches [5], algebraic string-like model [6], Skyrme model [7],
and lattice QCD [8] reported on an estimate for the Ω∗ mass in the region from 1953 to 2120 MeV. Inclusion of sizeable five-
quark Fock components and their mixing with three-quark components in the constituent quark models, considered in Refs. [9],
lead to a reduction of theΩ∗ mass by about 200 MeV. The dynamical generation of theΩ∗ state using two (Ωη and Ξ∗K¯) coupled
channels in the chiral unitary approach has been proposed and developed in Refs. [10]-[12], where the mass of the Ω∗ has a
strong dependence on the choice of model parameters leading to 2141 MeV in Ref. [11] and 1800 MeV in Ref. [12].
The understanding of the structure and decays of the Ω∗(2012) state has been of increased interest since the discovery by
the Belle Collaboration. In Refs. [13]-[22] possible interpretations of the Ω∗(2012) hyperon have been critically discussed. In
Ref. [13] the two-body decays Ω∗ → Ξ0K− and Ω∗ → Ξ−K¯0 have been analyzed in the chiral quark model. It was argued that
the obtained numerical results are in agreement with spin-parity 3
2
−
of the Ω∗ state, while alternative assignments as 1
2
−
and 3
2
+
cannot be completely excluded. In Ref. [14] the possible structure and resulting strong decays of theΩ∗ were studied using QCD
sum rules. From the analysis of the mass and the strong decay properties (coupling constants and widths) it was concluded that
the Ω∗ hyperon is the 1P orbital excitation of the ground state Ω(1670) baryon with JP = 3
2
−
. The same conclusion about the
nature of theΩ∗ state has been made from an analysis of its two-body decays in the framework of the 3P0 model. In Ref. [15] the
Ω∗ state has been considered on the basis of the SU(3) flavor picture. It was found that if theΩ∗ state is the K¯Ξ(1530) molecular
state formed in the isospin zero channel, then its main decay mode is the tree-body process Ω∗ → ΞK¯π. In Ref. [16] a hadronic
molecular scenario for the Ω(2012) has been tested in an effective field-theoretical approach. It was found that the partial width
of the three-body decay Ω∗ → ΞK¯π is in the 2-3 MeV interval, while the partial width of the two-body decay Ω∗ → ΞK¯ is in
the 1-11 MeV range. Here and also in Refs. [17–19] the dominance or sizable contribution of the tree-body decays Ω∗ → ΞK¯π
has been based on the description of these processes by a tree-level diagram, while the two-body processes Ω∗ → ΞK¯ have been
2described by a loop-diagram generated by theΩ∗ constituents. In Ref. [21] theΩ baryon spectrum up to the N = 2 shell has been
calculated based on a nonrelativistic constituent quark potential model. In Ref. [22] the analysis of the Ω(2012) strong decays
has been performed using a hadronic molecular model and different spin-parity assignments for these state.
The main ideas in the application of quantum field theory to bound states using their compositeness were formulated in
Refs. [23]-[26] and were widely applied to the study of hadronic molecules (HM) in Refs. [23] and [27]-[29]. In particular,
in Ref. [23] the approach has been originally applied to the deuteron - the canonical example of a HM and in the latest years
especially to the recently discovered exotic heavy hadrons [27]-[29] with unusual properties.
The main basic blocks and strategy of the quantum field approach for bound states [23]-[26] and specifically for HM [23],[27]-
[29] are: (1) first, to derive a phenomenological Lagrangian, which is manifestly Lorenz covariant and gauge invariant, describ-
ing the interaction of the bound state with its constituents. The bound state and the constituents are described by standard local
quantum field operators. The field operators of the constituents form the interpolating current with the corresponding quantum
numbers of the bound state; (2) the coupling strength of a hadronic molecule to its constituents is determined by the composite-
ness condition ZHM = 1 − Π′HM = 0 [23]-[29]. ZHM is the wave function renormalization constant of the HM defining the matrix
element (overlap) between physical and bare states of HM. Π′
HM
is the derivative of the HM mass operator generated by the
interaction Lagrangian of the HM with its constituents. The condition ZHM = 0 means that the probability to find the HM as the
bare state is always equal to zero or in other words, it is always dressed by its constituents. The compositeness condition provides
an effective and selfconsistent way to describe the coupling of the HM to its constituents; (3) using an interaction Lagrangian
between the HM and the constituents one can construct the S -matrix operator and consistently generate matrix elements for
hadronic processes involving the HM (represented by corresponding Feynman diagrams). In the evaluation of the Feynman
diagrams the compositeness condition enables to avoid the problem of double counting.
The main objective of the paper is to present a self-consistent study of strong two- and three-body decays of theΩ∗(2012) state
in the hadronic molecular picture based on the formalism proposed and developed in Refs. [27]-[29]. In the recent paper by the
Belle Collaboration [2] it is claimed that the strong three-body decay modes of the Ω(2012) state are suppressed in comparison
with the two-body one, which raises doubts on a molecular interpretation of this state. We find that due to a possible mixture of
the hadronic components Ξ∗K¯ and Ωη in the structure of Ω the three-body decays Ω(2012)→ ΞπK¯ are suppressed when the Ωη
hadronic component dominates.
The paper is structured as follows. In Sec. II we present the details of our formalism for the treatment of the Ω∗(2012) state
as a hadronic molecule. We consider the Ω∗(2012) hyperon as a mixed state of the hadronic pairs Ξ∗K¯ and Ωη. In Sec. III we
turn to the calculation of the strong two- and three-body decays of the Ω∗(2012) state: the processes Ω∗ → ΞK¯ and Ω∗ → ΞπK¯.
We present a derivation of the corresponding matrix elements and discuss the numerical results.
II. HADRONIC MOLECULAR STRUCTURE OF THE Ω(2012)
Following the conjecture of the Belle Collaboration [1] and assignments of most of the theoretical approaches we use the
spin-parity quantum numbers JP = 3
2
−
for the Ω∗(2012) state. We consider the Ω∗(2012) as a weakly bound hadronic molecule,
which involves a superposition of two hadronic components — (Ω[1670]η) and (Ξ∗[1530]K¯):
|Ω∗(2012)〉 = cos θ |Ξ
∗0K−〉 + |Ξ∗−K¯0〉√
2
− sin θ |Ω−η〉 . (2)
A mixing angle θ is introduced between the two components, which later on will play an important role in explaining a possible
suppression of the three-body decays Ω(2012) → ΞπK¯ recently observed by the Belle Collaboration [2]. For convenience, in
Table I we present the quantum numbers (isospin I, spin-parity JP) and values of masses (current central values from the Particle
Data Group [30]) of the hadrons, which will be used in our calculations.
We describe the coupling of the Ω∗(2012) to its constituents by the phenomenological Lagrangian:
LΩ∗ (x) = gΩ∗ Ω¯∗µ(x)
∫
d4yΦ(y2)
[
cos θ√
2
Ξ∗i (x + ωKy)K¯i(x − ωΞ∗y) − sin θΩ(x + ωηy)η(x − ωΩy)
]
+ H.c. (3)
Here Ξ∗
i
= (Ξ∗0,Ξ∗−) and K¯i = (K−, K¯0) are the doublets of Ξ∗ hyperons and K¯ mesons, Φ(y2) is a phenomenological correlation
function describing the distribution of (Ξ∗K¯) and (Ωη) constituents in the Ω∗ state, ωΞ∗ = MΞ∗/(MΞ∗ + MK), ωK = MK/(MΞ∗ +
MK), ωΩ = MΩ/(MΩ + Mη), and ωη = Mη/(MΩ + Mη) are the mass fractions of the constituent hadrons with ωΞ∗ + ωK = 1 and
ωΩ + ωη = 1. To produce ultraviolet-finite Feynman diagrams, the Fourier transform of the correlation function Φ(y
2) should
vanish sufficiently fast in the ultraviolet region of the Euclidean space. We use the Gaussian form for the correlation function
Φ˜(p2
E
)  exp(−p2
E
/Λ2
H
), where pE is the Euclidean Jacobi momentum and ΛH is a free size parameter, which has a value of
about 1 GeV.
The coupling gΩ∗ is determined from the compositeness condition (see Refs. [23]-[29])
ZΩ∗ = 1 − ΣT ′Ω∗ (MΩ∗ ) ≡ 0 , (4)
3TABLE I: Quantum numbers and masses of relevant hadrons
Hadron I JP Mass (MeV)
π± 1 0− 139.57061
π0 1 0− 134.977
K¯0 1
2
0− 493.677
K− 1
2
0− 497.611
η 0 0− 547.862
K¯∗− 1
2
1− 891.76
K∗0 1
2
1− 895.55
Ξ0 1
2
1
2
+
1314.86
Ξ− 1
2
1
2
+
1321.71
Ξ∗0 1
2
3
2
+
1531.8
Ξ∗− 1
2
3
2
+
1535.0
Ω− 0 3
2
+
1672.45
Ω∗− 0 3
2
−
2012.4
cos
2
θ
2
·
Ω∗ Ω∗
Ξ∗0
K−
+ cos
2
θ
2
·
Ω∗ Ω∗
Ξ∗−
K¯0
+ sin2 θ ·
Ω∗ Ω∗
Ω−
η
FIG. 1: Diagrams representing the mass operator of the Ω∗(2012) state.
where ΣT ′
Ω∗ is the derivative of the transverse part of the mass operator of the Ω
∗ state:
Σ
µν
Ω∗ (p) = g
µν
⊥ Σ
T
Ω∗ (p) +
pµpν
p2
ΣLΩ∗ (p), (5)
with g
µν
⊥ = g
µν − pµpν/p2. The corresponding Feynman diagrams contributing to the mass operator ΣΩ∗ , which are generated by
the loops of the (Ξ∗0K−), (Ξ∗−K¯0), and (Ω−η) constituents, are shown in Fig. 1. Note that the compositeness condition gives a
relation between the coupling constant gΩ∗ and the mass mΩ∗ . In addition we have a free parameter θ, which is the mixing angle
between the Ξ∗K¯ and the Ωη hadronic molecular components of the Ω∗ state.
The expression for the mass operator ΣΩ∗ is given by
Σ
µν
Ω∗ (p) =
cos2 θ
2
(
Σ
µν,Ξ0K−
Ω∗ (p) + Σ
µν,Ξ−K¯0
Ω∗ (p)
)
+ sin2 θ Σ
µν,Ωη
Ω∗ (p) ,
Σ
µν,H1H2
Ω∗ (p) = g
2
Ω∗
∫
d4k
(2π)4i
Φ˜2(−(k + pω2)2) S µνH1(k + p) S H2(k) , (6)
where
S
µν
H1
(k) =
1
MH1− 6k
[
−gµν + γ
µγν
3
+
2kµkν
3M2
H1
+
γµkν − γνkµ
3MH1
]
, (7)
S H2(k) =
1
M2
H2
− k2 (8)
are the propagators of baryon H1 with spin
3
2
and of meson H2 with spin 0. Here H1 = Ξ
∗−,Ξ∗0,Ω− and H2 = K−, K¯0, η.
4The coupling constant gΩ∗ deduced from the compositeness condition (4) reads
g2
Ω∗
16π2
=
1
IΩ∗
, (9)
where IΩ∗ is the structure integral
IΩ∗ =
cos2 θ
2
(
IΞ
∗0K−
Ω∗ + I
Ξ∗−K¯0
Ω∗
)
+ sin2 θ I
Ωη
Ω∗ ,
I
H1H2
Ω∗ =
∞∫
0
dα1dα2
∆3
RΩ∗ e
−wΩ∗ , ∆ = 2 + α1 + α2 (10)
and
RΩ∗ =
(
1 +
1
3µH2
1
∆
) [
α2 + 2ω1 + 2µΩ∗
(
µH1 + µΩ∗
α2 + 2ω1
∆
) (
α1α2 + 2α1ω
2
1 + 2α2ω
2
2
)]
,
wΩ∗ =
(µH1α1 − µH2α2)2
∆
+
(
(µH1 + µH2 )
2 − µ2Ω∗
) α1α2 + 2α1ω21 + 2α2ω22
∆
, µi =
Mi
ΛΩ∗
. (11)
The leading diagrams contributing to the strong decays of the Ω∗ state are shown in Fig. 2: (a) two-body decay Ω∗ → ΞK¯,
(b) three-body decay Ω∗ → ΞπK¯. Note that in agreement with Refs. [15–19] the two-body decay Ω∗ → ΞK¯ proceeds via the
hadronic loops (Ξ∗K¯) and (Ωη) involving the constituents of the Ω∗ state. The three-body decay Ω∗ → ΞπK¯ is described by the
two-cascade tree-level diagram, where the Ω∗ first couples to the constituents Ξ∗ and K¯ and then Ξ∗ decays via the dominant
mode into Ξ and π. To evaluate the diagrams in Fig. 2 we need to set the interaction Lagrangian, which includes the coupling of
the Ω∗ with the constituents Ξ∗K¯ and Ωη, and two additional terms describing the couplings Ξ∗ΞKK (Ξ∗ΩηK) and Ξ∗Ξπ.
Ω∗
Ξ
K¯
Ξ∗(Ω)
K¯(η)
(a)
Ω∗
Ξ
pi
K¯
Ξ∗
(b)
FIG. 2: Leading diagrams contributing to the strong decays of the Ω∗ state: (a) two-body decay Ω∗ → ΞK¯, (b) three-body decay Ω∗ → ΞπK¯.
The Ξ∗Ξπ interaction is described by the phenomenological Lagrangian
LΞ∗Ξπ = gΞ
∗Ξπ
MΞ∗
Ξ¯∗µ∂
µ~π~τΞ + H.c. , (12)
where the dimensionless coupling gΞ∗Ξπ is fixed from data on the Ξ
∗ → Ξπ decay width. In particular, the corresponding
two-body decay width reads
Γ(Ξ∗ → Ξπ) = g
2
Ξ∗Ξπ
64M7
Ξ∗
λ3/2(M2Ξ∗ ,M
2
Ξ,M
2
π)
[
(MΞ∗ + MΞ)
2 − M2π
]
. (13)
Using the measured central values of
Γtotal(Ξ
∗0) = 2Γ(Ξ∗0 → Ξ−π+) + Γ(Ξ∗0 → Ξ0π0) = 9.14 MeV ,
Γtotal(Ξ
∗−) = 2Γ(Ξ∗− → Ξ0π−) + Γ(Ξ∗− → Ξ−π0) = 9.9 MeV (14)
one gets gΞ∗Ξπ = 6.79 from the Ξ
∗0 set and gΞ∗Ξπ = 6.71 from Ξ∗−. In the following we will use the averaged value gΞ∗Ξπ =
(6.79 + 6.71)/2 = 6.75.
The couplings Ξ∗ΞKK and Ξ∗ΩηK are generated by a phenomenological Lagrangian:
LΓDB = gΓDB B¯mk γ5 Γµl j D
i jk
µ ǫ
ilm + H.c. , (15)
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FIG. 3: Two-body decay widths for Ω∗ → ΞK¯ at Λ = 1 GeV (left panel) and Λ = 1.5 GeV (right panel).
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FIG. 4: Three-body decay widths for Ω∗ → ΞπK¯ at Λ = 1 GeV (left panel) and Λ = 1.5 GeV (right panel).
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FIG. 5: Ratios R1 and R2 in comparison with the Belle upper limits of Eq. (1) at at Λ = 1 GeV (left panel) and Λ = 1.5 GeV (right panel).
where Bmk and Di jk are the octet and decuplet baryon fields. Γµ is the chiral connection which in absence of external vector and
axial fields is defined as
Γµ =
1
2
[u+, ∂µu] =
1
4F2
[Φˆ, ∂µΦˆ] + O(Φˆ4) , (16)
where Φˆ =
8∑
i=1
φiλi is the octet matrix of pseudoscalar mesons. The dimensionless coupling gΓDB can be expressed through the
6fundamental constants of hadron physics: πNN coupling gπNN ≃ 13.4, πN∆ coupling fπN∆ ≃ 2, pion mass Mπ = 0.13957 GeV,
and nucleon mass MN = 0.93827 GeV:
gΓDB =
fπN∆
gπNN
MN
Mπ
≃ 1 . (17)
From the Lagrangian (15) we need the leading-order term in the chiral expansion, i.e. the term quadratic in the pseudoscalar
meson field. For the coupling gΓDB we will use in our analysis the previously obtained typical value of gΓDB ≃ 1.
The two- and three-body decay widths of the Ω∗ state are calculated according to the standard expressions:
Γ(Ω∗ → ΞK¯) = g
2
Ω∗ΞK
192πM3
Ω∗
λ3/2(M2Ω∗ ,M
2
Ξ,M
2
K)
[
(MΩ∗ − MΞ)2 − M2K
]
, (18)
Γ(Ω∗ → ΞπK¯) = 1
1024π3M3
Ω∗
(MΩ∗−MK )2∫
(MΞ+Mπ)2
ds2
s+
1∫
s−
1
ds1
∑
pol
∣∣∣∣Minv
∣∣∣∣2 . (19)
The invariant Mandelstam variables s1 = (p1 + p2)
2 = (p − p3)2 and s2 = (p2 + p3)2 = (p − p1)2 are related to the momenta p,
p1, p2, and p3 of the hadrons – Ω
∗, K, Ξ, and π, respectively. The variable s1 has the upper/lower limits s±1 with:
s±1 = M
2
K + M
2
Ξ +
1
2s
(s − s2 − M2K)(s2 + M2Ξ − M2π) ±
1
2s2
λ1/2(s, s2,M
2
K) λ
1/2(s2,M
2
Ξ,M
2
π) , (20)
where λ(x, y, z) = x2+y2+z2−2xy−2xz−2yz is the Ka¨llen kinematical triangle function. TheΩ∗ΞK coupling gΩ∗ΞK is evaluated
from the diagram in Fig. 2a.
In Figs. 3 and 4 we show our predictions for the respective charged combinations of two- and three-body decay widths of
the Ω∗(2012) and their sums. Results are indicated for the values of Λ = 1 and 1.5 GeV, respectivley, and for the mixing angle
θ varied from 0 to 90 grad. In Fig. 5 we plot our predictions for the ratios R1 and R2 of Eq. (1) of the three- and two-body
decays and compare them with the upper limits derived by the Belle Collaboration in Ref. [2]. One can see that an increase in
the admixture of the hadronic component Ωη leads to a suppression of the three-body decay rates. For the mixing angle bigger
700 (730) for Λ = 1 GeV and bigger 550 (610) for Λ = 1.5 GeV our ratios are consistent with Belle results for R1 and R2. To get
a handle on the parameters θ and Λ further data on the Ω∗(2012) decays are needed. The predictions presented here are strongly
correlated with the assumption that the Ω∗(2012) has a hadronic molecular structure.
Finally, we discuss our main numerical results. Varying the model scale parameter Λ from 1 to 1.5 GeV we find that the
magnitude of the two-body decay rates slightly increase, while the three-body rates decrease. The relative contribution of two to
three-body decays is governed by the mixing angle θ—mixing of the Ξ∗K¯ andΩη hadronic components. An increase of θ leads
to a suppression of the three-body decay rates in comparison with the two-body ones. For the total two- and three-body decays
rates we get the following numerical results:
Γ(Ω∗ → ΞK¯) = 2.9 ± 1.6 MeV , Γ(Ω∗ → ΞπK¯) = 1.5 ± 1.5 MeV (21)
for Λ = 1 GeV and θ ∈ [0, π/2],
Γ(Ω∗ → ΞK¯) = 6 ± 3.4 MeV , Γ(Ω∗ → ΞπK¯) = 1.4 ± 1.4 MeV (22)
for Λ = 1.5 GeV and θ ∈ [0, π/2]. The upper limits of Eq. (1) set by the Belle Collaboration [2] for the ratios of three- and
two-body decay rates of the Ω(2012) are fulfilled for following values of the θ angle:
1) Λ = 1 GeV
R1 < 9.3% at θ ≥ 700 , R2 < 7.8% at θ ≥ 730 . (23)
2) Λ = 1.5 GeV
R1 < 9.3% at θ ≥ 550 , R2 < 7.8% at θ ≥ 610 . (24)
Hence a sizable Ωη hadronic component in the Ω∗(2012) leads to a suppression of the ΞπK¯ mode relative to the ΞK¯ channel. To
get a further handle on the parameters θ and Λ in the context of the hadronic structure precise data on the Ω∗(2012) decays are
needed. The prediction given here can hopefully support a possible structure interpretation of the Ω∗(2012).
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